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Report No. 3926-005
Material - Nickel Base Alloy - Hastelloy R-235

Bauschinger Effects

Abstract

Ten per cent cold worked Hastelloy R-235 as received from the producer
averaged 26.2 per cent lower in compression yield strength than in
tensile yleld strength. Stretching this material to 1 per cent
elongation results in a most severe lowering of compression yleld
strength to 31.2 per cent below the as recelved tensile strength.

Post stretching heat treatment at 1500°F for 2 hours restores equality
of tensile and compressive yield strengths. The material displayed
uniform elongation when stretched up to 9 per cent elongaticn.

Reference: Giuntoli, A., Bergstedt, P. W., Turner, H. C.,
"Elimination of the Bauschinger Effect in 10% Cold Worked
Hastelloy R-235," General Dynamics/Convair Report MP 58-290,
San Diego, California, 1 December 1953. (Reference attached)
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INTRODUCTION :

A shop method that is used to form parts from sheet material is classified as
stretch forming. Stretch forming is a process of forming panels and covls
of large curvature by stretching sheet over a form of the desired shape,

This permanent plastic deformation gives rise to a phenomenon known as the
Bauschinger effect. The Bauschinger effect is defined in the ASM Metals
Handbook, 1948 Edition, as "The phenomenon by which plastic deformation of a
metal raises the yield strength in the direction of plastic flow and decreases
the yield strength in the opposite direction".

This repart is intended to show a method of eliminating the Bauschinger effect
in 10% Cold Worked Hastelloy R-235.

ORJECT s

1) To determine the severity of the Bauschinger effect in as received and
plastically deformed 10% Cold Worked Hastelloy R-235.

2) To determine what thermal treatments are required to eliminate the Bauschin-
ger effect in 10% Cold Worked Hastelloy R-235.

CONCLUSIONS

1) Material as received from the producer averaged 26.2% lower in compression
Yield strength than in tensile yield strength. This is an indication of
Bauschinger effect in the as-received material.

2). Additional tensile plastic deformation of 1% resulted in the most severe
lowering of the compression yield strength (31.2% below the as received
tensile yield strength).

3) The complete recovery of compression yleld strength was realized with a
heat treatment of 1500°F, for 2 hours.

4) The alloy displayed uniform elongation along a 12 inch gage length, up to
9% additional plastic deformation.

MATERIAL:

A sheet of 0.063 gage material, produced by the Haynes Stellite Company from
their Heat Number RV-7269, was used for this test.

PROCE :

Strips 1" x 18" were taken in the longitudinal direction for compression
specimens; this size was chosen for convenience in those cases where stretching
was required prior to compression tests, Strips 1" x 10" in the longitudinal
direction were taken for the tensile specimens., The conditions tested are
shown in Table I.

FORM 1310 —A



ANALYSIS sy on o

CONVAIR PAGE 2

PREPARED By Giuntoli AN Do rEporT No. MP 58-290
CHECKED BY Bergstedt/Turner/Sutherland mope. REL 7028
REVISED BY parg 12-1-58

PROGEDURE: (Continued)

Where adiitional tensile deformation of 1%, 3%, and 9% was required, thies was
done in a Tinius Olsen 60,000 1lb. Universal Testing Machine, The additional
plastic deformation was recorded using a Tinius Olsen U-l Extensometer re-
cording the tensile deformation data on an autographic recorder.

The stirips that were used for compression specimens were stretched over a

12 inch or longer gage length, After stiretching, the elongation was measured
in 1/4 inch increments over the entire gage length. Measurement was done
with a steel scale graduated in 0.0l inch increments and a microscope at 40X
magnification., It was estimated that the accuracy of measurement was t 1%.

All heat treating was performed in a circulating-air laoboratcry furnace having
a temperature spread in the working area of & 10°F,

Tensile tests, using standard flat tensile specimens, were done in a Tinius
Olsen 60,000 1b. Universal Testing Machine equipped with automatic x-y strain
recorder. Compression testing was done in the same universal testing machine
with a Boeing designed compression testing jig. Figure 1 shows the compression
specimen used with the Boeing Jig.

RESULIS:

Table I - lists the tensiel properties and the compressive yield strength of

the conditions tested. Figure 2 shows the effect of exposure temperature on

the tensile and compressive yield strength of the various conditions., Figure

3 shows the effect of exposure temperature on the tensile properties of as
received material and material given an additional 9% tensile plastic deformation.

RISCUSSION:

Material, as received from the producer, averaged 26,2% lower in compression
yield strength than in tensile yield strength. This indicates that the as
received materisl already had incurred the Bauschinger effect. An additional
1% tensile deformation reduced the compression yield strength to 68.8% of the
tension yield strength of the as-received material. Tensile plastic deforma-
tion of 3% and 9% tended to waise the compression yield strength but never
higher than the as-received compression yield strength.

The amount of compression yield strength recovery with increasing exposure

temperature was dependent on the amount of plastic tensile deformation the

alloy had. Up to 1100°F, the compressive yleld strength recovery is due in
a large part to the elimination of the Bauschinger effect. The continuing

increased in compressive yleld strength in the temperature range of 1100°F,
to 1500°F, appears to be caused by age hardening.

An increase of tensile yield and ultimate strength and a decrease in tensile
elongation was noted when the as-received material was given an additional 9%

tensile plastic deformation. This increase persisted through all the tempera-
ture ranges.
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SSION: (Continued)

The room temperature tensile properties of the material were relatively un-
affected, either in the as-received condition or with an additional 9%
permanent deformation, up to 1100°F. In the temperature range of 1100°F, to
1500°F. a rapid increase of tensile ultimate and yleld strength and a corres-
ponding decrsase in tensile elongation was observed. The observed increase
of tensile yleld and ultinmate strength of the 9% tensile-plastically-deformed
material over the properties of the received material in this temperature
range, along with the compressive yield strength results, points to the
importance of previous cold work on the aging response of this alloy.

At exposure temperatures in excess of 1500°F, a rapid over-age occurs as
evidenced by the reversal of the trends for all the mechanical properties,

Over the entire 12 inch gage length,within the limits of measuring accuracy,
the alloy displayed a uniform elongation measured at 1/4 inch increments.,
This was so regardless of the amount of additional pe,manent deformation,.

In sumary, it appears that a 85% or better recovery of compression ield
strength, through the elimination of Bauschinger effect, is accomplished at
1100°F. A further incresse in mechanical strength, probably due to z3ing,

can be obtained by exposing the plastically deformed alloy to 1500°F. for 2
hours. Exposing the plastically deformed alloy to temperatures in excess of
1500°F, causes over aging and a rapid deterioration of room temperature
mechanical strength. The alloy displays uniforr elongation up to 9% additional
.plastic deformation.

Note: This report covers all the testing performed under M 58-290 and Mp 58~

389,
The data from which this repart was written are recorded in Materials & Processes

Laboratory Notebook #965,
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